Aqueous extraction of basil seed mucilage was optimized using response surface methodology. A Central Composite Rotatable Design (CCRD) for modeling of three independent variables: temperature (40-91°C); extraction time (1.6-3.3 h) and water/seed ratio (18:1-77:1) was used to study the response for yield. Experimental values for extraction yield ranged from 7.86 to 20.5 g/100 g. Extraction yield was significantly (P < 0.05) affected by all the variables. Temperature and water/seed ratio were found to have pronounced effect while the extraction time was found to have minor possible effects. Graphical optimization determined the optimal conditions * Corresponding
Introduction
Basil (Ocimum basilicum L.) is an annual herb that belongs to the family Lamiaceae. The aromatic herb is about 20-60 cm long with white/purple flowers, ovate/lanceolate leaves, and a hairy-petiole [1] . The plant is native to India and Iran, and grows throughout the temperate, tropical and subtropical regions of the world [2] . In India, it is indigenous toward lower hills of Punjab and Himalayas, and is cultivated over 3000 ha of land throughout the tropical and peninsular regions [3] . About 350 tons of essential oil (from basil leaves) is annually produced in India, against world's production of 500 tons [4, 5] .
Basil seed is a tiny black, ellipsoid seed. These seeds are popularly used in traditional desserts (such as sherbet and faloodeh) and also considered important in traditional medicine (to treat colic ulcer, dyspepsia, and diarrhea) [6] . They have a remarkable feature of considerable hydration capacity that is attributed to its adhered seed mucilage. Mucilage produced is reported to be deposited in testa cells during seed development. It reportedly acts as a reservoir for loosely bound water at high water potential during seed germination and early seedling development. On soaking in water, the seed's outer pericarp swells into a gelatinous mass called hydrogel [7] . During soaking, columnar structures arise unfolded from the pericarp and hold the mucilage tightly to the surface of seed core. The porous layer of exudated mucilage remains tightly adhered and clinged to the core throughout the process of water imbibitions [8, 9] .
In recent years, many reports have explored mucilage from various plant seeds of Salvia hispanica, Alyssum homolocarpum, and Descurainia sophia [10] [11] [12] . A major emphasis in all these studies has been channelled toward investigating mucilage extraction from novel sources, and the effect of various parameters, such as temperature, time, water/seed ratio, pH and stirring modes for the release of hydrosoluble compounds. Various such reports indicated varied levels of yields usually dependent on extraction methods and parameters employed [13, 14] . To analyse the effect of extraction conditions on the extraction yield obtained, modeling by response surface methodology (RSM) is a widely accepted method [15] .
The present work was carried out to systematically investigate the extraction optimization of mucilage using response surface methodology (RSM), from Ocimum basilicum L. accession found in Kashmir, India. A great variability exists amongst the chemotypes of genus Ocimum, cultivated around the world. Therefore, a variation in the quantities of extracted gum is expected, depending upon its origin.
Material and methods

Materials Sample collection and preparation
Seeds of Ocimum basilicum L. were procured from local farmers of a high altitude Kashmir region of India. The seeds were cleaned and stored in air tight containers until further use.
Reagents
Sodium hydroxide and hydrochloric acid were procured from Merck Laboratories, Mumbai, India. The reagents used were of analytical grade.
Methods
Proximate analysis
Moisture (925.10), protein (920.87), fat (920.85) and ash (923.03) contents of basil seed were determined according to the standard methods of AOAC [16] . Carbohydrate content was determined by difference. The units for the proximate analysis were g/100 g.
Experimental design
Response surface methodology was employed to study the effect of independent variables X 1 (extraction temperature), X 2 (extraction time), and X 3 (water/seed ratio) on the extraction yield (Y). The levels incorporated for independent variables were based on the results of preliminary analysis. A rotatable centred central composite design (CCRD) was selected to propose the model for the response Y. Apart from linear and quadratic interactions, cubic interactions were also observed in the evaluation of model. Therefore, the experimental data were fit into a second order polynomial equation with extended cubic interactions.
The model proposed for response (Y) was
where Y is the extraction yield (dependent variable) and coef- 
Mucilage extraction
Extraction of mucilage was performed using sieving as a mechanical technique. An experimental design of 20 runs at different levels of independent variables (temperature 40-91°C , time 1.6-3.3 h and water/seed ratio 18:1-77:1) was used. All the experiments were performed in triplicate. An optimal alkaline pH 8 was applied to all the experimental runs.
Mucilage was extracted using distilled water. The pH of water was adjusted to 8, using 0.2 M NaOH or HCl solutions. Seeds were added to a specific proportion of water at a desired temperature. Slurry was maintained at a constant temperature and continuously stirred using a magnetic stirrer under reflux conditions for the entire extraction period. Later, mucilage was separated from seeds using a rubber spatula on a mesh screen. Slurry obtained was passed through a screen of mesh size 10. Separated mucilage and a seed suspension were obtained, which was dried at 50°C for 10 h in a conventional hot air oven. Also, the adhered mucilage from the dried seeds was separated by rubbing them over a 40 mesh screen. Finally, the weight of whole dried extract of mucilage was recorded.
Extraction yield
Extraction yield for each experimental run was obtained in triplicates. The mucilage obtained from various experimental runs was weighed and yield obtained by the following equation:
Weight of extracted mucilage after drying Weight of basil seeds taken fo rextraction Â 100 ð2Þ
Statistical analysis
Experimental data were analysed using a statistical package. Design-Expert version 9.0.6.2 (Stat-Ease Inc., Minneapolis, USA) was employed to predict the response surface methodology for the experimental data. Central composite rotatable design (CCRD) included 20 experimental runs with three replicates of each. The data obtained were fit in the model Eq. (1) where Y is the extraction yield.
Validation of response surface models
In order to determine the adequacy of the model, the predicted and experimental responses were compared. Validity for each experimental run was obtained and adequacy of model was evaluated by analysis of variance (ANOVA). Values for coefficient of determination (R 2 ), adjusted-R 2 and predicted-R 2 were determined and analysed.
Results and discussion
Proximate analysis
The proximate composition for basil seed is presented in Table 1 . A moisture content of 9.4 g/100 g was obtained, which was in range with earlier reports for Salvia hispanica seeds [10] . Ash content of seeds was 5.6 g/100 g. However, seeds showed high content of lipids (33 g/100 g), low protein (10 g/100 g), and a reasonable amount of carbohydrates (43 g/100 g). This variation may be due to the high altitude of ecosystem in which the basil seed sample was grown. Also, various studies on different agricultural plant seeds have reported tendency of higher lipid and lower protein content with an increase in altitude [17] .
Model fitting
For model fitting of variation in extraction yield, the sequential sum of squares was analysed. The analysis showed that adding cubic terms significantly improved the model. Therefore, the second-order polynomial equation with extended cubic interactions was employed. Adding cubic interactions significantly improved the model. The model can be referred to as a reduced cubic model. Regression equation obtained for the mucilage yield is represented as follows:
The empirical model was tested by various confirmatory experimental runs. A triplicate of each experimental run was performed (Table 2) . Studentized residuals versus predicted values were checked for constant error. Influential values were observed from externally studentized residuals. Predicted values for yield were determined from the design model and compared with the experimental values obtained (Fig. 1) . On comparing, the validity for each experimental run was determined. Box-Cox plot was also observed for power transformations. A standard deviation of 2.5 was observed for the model. indicates an adequate signal. Thus, it is implied that the model can be used to design space and also applied successfully ( Table 3) .
Interpretation of response surface plots for extraction yield
Experimental values for mucilage yield varied from 7.86 to 20.5 g/100 g in 20 different extraction conditions (Table 2) . Maximum basil seed mucilage yield is higher than that of cress seed [14] , flaxseed [18] , and chia seeds [19] , which have an extraction yield in the range of 6.46 g/100 g, 7.9 g/100 g and 6.97 g/100 g respectively. The difference in yield occurs due to the variability amongst chemotypes of various genuses across the world [20] . And it can be predicted from the results that the basil seed from the Kashmir region of India produces reasonable amounts of mucilage. Analysis of variance of variables and their interactions are presented in Table 4 . The magnitude of each coefficient measures its importance. Significance for each coefficient was analysed by the P-value obtained in ANOVA. Values of P (P < 0.05) indicate the significance of terms. Lesser values for P indicate more coefficient significance. Results from ANOVA show that the yield was significantly influenced by temperature and water/seed ratio. Extraction time had a lesser were observed in the model. All the interactions had a significant effect on extraction yield. Regression Eq. (3) can be used to make predictions about the response ( Table 5 ). The coefficients are scaled to accommodate the units of each factor. However, to determine the relative impact of each factor and gain a better understanding of obtained results, 2D Contour plots and 3D response surface were plotted. They illustrate the interaction between variables and facilitate the location of optimal extraction conditions.
Effect of temperature and time
The effect of temperature and time, presented in Fig. 2 shows a strong interaction between temperature and time. An extraction yield of 10.52 g/100 g was obtained at a relatively low temperature (40°C). Extraction yield considerably increased with increase in temperature from 50°C to 65°C. It can be inferred from Fig. 2 that yield is higher at 50-65°C. Response surface shows that extraction yield increased to a maximum point and then decreased. Maximum yield of 20.5 g/100 g was obtained at 50°C and started to decrease at and above 80°C. Temperature allows better penetration of water into solid matrix to solubilize the compounds. As a result, the mucilage was easily released and the extraction yield increased [19] . At higher temperatures ( 50°C and !80°C), seeds become less sticky and mucilage release occurs [21] . However, at and above 80°C, degradation of polysaccharides leads to decrease in the mucilage yield [14] . Also, increasing the time of extraction led to an increase in the extraction yield. Extraction time influences the efficiency of extraction and increases the yield. Liquid penetrates, dissolves and subsequently diffuses out the mucilage from seed pericarp. Trends in extraction yield showed an increasing tendency from 2 to 3 h and a decreasing trend is observed above 3 h. This might be due to the exposure of the seed to aqueous medium [22] . The combined effect of temperature and time can be best explained by mass transfer effect. Mass transfer effect causes the mucilage to diffuse at a higher rate, showing a strong interaction between temperature and time [23] [24] [25] . The effect of time was more pronounced at higher temperatures (50-65°C) but prolonged extraction time might have caused changes in the polysaccharides structure and decreased the yield. A combined effect of increase in temperature and extraction time led to an increase in the yield of mucilage. Highest extraction yield (20.5 g/100 g) of seed mucilage was obtained at a high temperature and short extraction time of 2 h. However, on increasing the temperature beyond a certain point of time (3 h) led to a decrease in the yield. This indicated that about 2 h is a sufficient time for mucilage extraction. Decrease in yield, after 2 h time occurs due to the hydrolysis of polysaccharides at higher temperature [14] . Various other studies pertaining to response surface methodology, reported a decrease in yield of bioactive compounds with an increase in temperature. The decreasing yield was a result of thermal degradation of bioactive compounds at high temperatures [26] . Results correspond with those obtained for Alyssum homolocarpum seed [11] . Similar results were demonstrated for the extraction of mucilage from chia seeds [19] .
Effect of water/seed ratio and time
The effect of water/seed ratio and time is shown in Fig. 3 . showed an increase in mucilage yield. Increase in time also showed increased extraction yield. Extraction time leads to an increased exposure of seeds to aqueous medium [22] . Fig. 3 shows increase in the yield. The response surface shows the effect of time is more pronounced at higher water/seed ratios. Extraction time influences the extraction efficiency and selectivity of the fluid. A significantly long extraction time has a positive effect on the yield of polysaccharides [27] .
Response surface shows somewhat linear interaction between water/seed ratio and time. Combined effect of increase in extraction time and water/seed ratio increased the yield. However, the graph predicted that yield increases steadily and slowly rather than a sharp increase. Similar results were also obtained where a longer extraction time favoured the polysaccharide production from Malva sylvestris [28] . Also, cress seeds showed similar results for extraction yield [14] . Yield of mucilage increased with increasing the water/seed ratio. This may be due to the availability of more liquid that acts as a driving force to exude mucilage out of the seeds as the volume of water/seed ratio was increased [11] . A greater mucilage yield was also reported from Alyssum homolocarpum, wild sage seed gum, and Opuntia spp. seeds as function of water ratio [22] .
Effect of temperature and water/seed ratio
Effect of temperature and water seed ratio is presented in Fig. 4 . Results obtained showed slight co-relation of lesser significance. Response surface showed a steady increase to equilibrium and later an abrupt increase in yield. At water/seed ratios 30:1, 40:1, 50:1 and 65:1, an increase in temperature led to a decrease in yield. However, at a water/seed ratio 47.5:1 and an increase in temperature from 40 to 65°C showed an increasing trend. It can be revealed from Fig. 4 , decreased water/seed ratios at higher temperatures, increase the yield significantly.
Water acts a driving force and temperature allows better penetration of aqueous medium to increase yield [19, 22] .
Single factor results
Effect of extraction time on yields
An extraction time of about 1.6-3.3 h was adopted. Table 2 shows that keeping the temperature at 50°C and water/seed ratio of 1:30 constant, a higher yield is obtained on increasing extraction time from 2 to 3 h. Therefore, it is concluded that increase in the extraction time resulted in higher extraction yield. Also, the yield reached the highest when an extraction time was 3 h. Similar, results have been reported for extraction of polysaccharides from Dioscorea nipponica Makino [29] . 
Effect of extraction temperature on yields
The effect of extraction temperature showed that increasing the temperature leads to a significant increase in extraction yield. However, on increasing the temperature beyond 65°C, decrease in mucilage yield was observed. Table 2 shows a significant increase in yield when temperature was elevated from 40 to 50°C. The highest yield was also obtained at a temperature of 50°C. A similar interaction was observed for Tricholoma matsutake [30] .
Effect of water/seed ratio on yields [29] .
Mucilage optimization
Numerical and graphical optimizations were used to determine the optimal conditions. Optimum condition was based on the highest extraction yield. An optimal condition of 56.71°C, 1.6 h, and water/seed ratio of 66.84:1 was predicted by Design-Expert, with an extraction yield of 20.49 g/100 g. A graphical representation shown in Fig. 5 illustrates the optimal yield. The graphical plot was obtained by superimposing the contour plots of all the analysed results for various experimental runs. The plot illustrates the best extraction conditions to obtain the highest extraction yield of basil seed mucilage. Validation of the developed model was obtained by performing various experimental runs. Model adequacy to predict optimal conditions was tested by comparing the experimental levels with optimization levels. Results showed that the experimental Fig. 4 Response surface and contour plot illustration for the effect of water ratio and temperature on extraction yield at 2.42 h.
and predicted yield values were not significantly different (Fig. 1) . The experimental value for yield obtained was 20.5 g/100 g which is in line with that of predicted value.
Conclusions
Response surface modeling for extraction provides a way to realize the interdependence of extraction conditions on the yield of basil seed mucilage. Results show that the effect of water/seed ratio has statistical significance in the extraction of mucilage. Second order polynomial model with extended cubic interactions was obtained to predict the extraction yield of mucilage. Response analysis demonstrated a significant reduced cubic regression. Model exhibited R 2 value of 97.41% with an insignificant lack of fit. The optimum conditions were obtained by the software as 56.71°C, 1.6 h, and water/seed ratio of 66.84:1. And an optimal extraction yield of 20.5 g/100 g was obtained by graphical optimization of results.
